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The Cosmogony of Laplace. By Daniel Kirkwood, LL.D., Blooming-
ton, Indiana.

(Read before the American Philosophical Society, Sept. 19th, 1879.)

Laplace’s celebrated nebular hypothesis was first distinctly stated in his
Systeme du Monde.* The reasoning by which it is there sustained is gen-
eral, and it does not appear that the author made any effort to test his
theory by analysis. The law of the conservation of energy was then un-
discovered, and hence data, which now scem available for a critical exami-
nation, were entirely wanting. Let us consider the hypothesis in some of
its obvious aspeets.

1. It is assumed by Laplace that nebulous rings were abandoned only in
the vicinity of the present orbits of the planets. While I have for many
years believed that the matter of the solar system originally existed in a
gascous condition, and hence that @ nebular hypothesis in some form must
furnish the true explafation of the planetary motions, I have more than
once ventured the opinion that this assumption of Laplace is wholly un-
warranted. I make a single quotation from the Monthly Notices of the
Royal Astronomical Society for January, 1869 :

““'The known facts in regard to the zone of minor planets, as well as the
phenomena of Saturn’s rings, seemn to demand a modification of the nebu-
lar hypothesis as generally held. No renson has ever been assigned why
the solar nebula should not have abandoned rings at distances intermediate
between the present orbits of the planets. On the contrary, it seems highly
probable that, after first reaching the point at which gravity was counter-
balanced by the centrifugal force arising from the rotation of the contract-
ing spheroid, a continuous suceession of narrow rings would be thrown off
in close proximity to cach other, and revolving in different periods accord-
ing to Kepler’s third law.”

The view thus expressed in 1868 has never been called in gquestion, and
T have seen no reason to modity it.  'The 74ng theory thus seems to require
that after matter began to be thrown oft' at the equator of the revolving
mass, the process should have been almost continuous until the nebula be-
came transformed into n close system of rings presenting the appearance
of u thin plate or disk. The theory would thus fail to account for the
formation of the solar system as it actually exists.

2. But even if we adopt Luplace’s theory of ring formation, we at once
encounter difliculties no less serious. It is obvious, on the slightest exam-
inatlon, that the mutunl attraction of different portions of a zone could
have very little influence in bringing its molecules together around a com-
mon nucleus.  Laplace, it is true, supposed the fimgments of a ring to have
been thus colleeted into a single planet,  *“ Almost ulways,”” he says,
“enchi ring of vupors onght to be divided into severnl masses, which, be-
Ing moved with velocities that difer little from each other, shonld continue
to revolve nt the smine distanee from the sun. These masses shonld nssuime

* Pablislied ot 'aris to 1813,
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a spheroidal form, with a rotary motion in the direetion of that of their rev-
olution, because their inferior particles have a less real velocity than the
superior ; they have, therefore, constituted so many planets in a state of
vapor. But if one of them was sufliciently powerful to unite successively
by iis attraction all the others about its centre, the ring of vapors would be
changed into one sole spheroidal mass, circulating about the sun, with a
motion of rotation in the same direction with that of revolution.”’

In regard to the mutual attraction here referred to, it may be remarked,
that two parts of the Neptunian ring on opposite sides of the sun
could produce no sensible perturbation of cach other’s motion. 1f, more-
over, the fragments of any ring were distributed around the orbit with ap-
proximate uniformity, their mutually disturbing effects would nearly
destroy each other. That this state of things should have obtained in the
case of some of the cight principal planets is extremely probable. The
theory, therefore, of planctary aggregation by the attraction between dif-
ferent parts of the rings, requires an indefinite antiquity of the solar sys-
tem. Let us suppose, then, that the planct-forming process was due to the
diflerent velocities of the fragments'into which a ring had been broken up.
Take, for example, the ring which was transformed into Neptune. Let us
assume that two fragments, A and B, differed in longitude by 180°, and
that the mean distance of the centre of gravity of A from the sun’s centre
exceeded that of 13 by 1000 miles. 1t is then easy to show that the corres-
ponding diflerence of their angular velocities would not bring them to-
gether around the same nuelens in 15 millions of years. But-even after
«ll the fragments had thus been collected, other millions of years—assuming
with Lapiace that the nnited mass was still in the gaseous form—would be
required for the process of condensation. Tle supposition we have made
is not an extravagant one. In Laplace’s cosmogony, therefore, hundreds
of millions of years are involved in the separate history of a single planet.
Is so great an implied nge of the solar system admissible?

According to Helmholtz, whose theory is now generally accepted, the
sun’s heat is but the transformed motion of its parts condensed or drawn
together by the force of gravitation. Now, the law of the conservation of
energy enables us to caleulate the age of the sun, knowing (1) the amount
of solar heat radiated in a given time, and (2) the nmount produced by a
given contraction of the sun’s mass. It has thus been found that conden-
sation from the distance of the nearest fixed stars to the sun’s present vol-
ume, wonld have kept up a supply of heat equal to the present for about
twenty millions of years. This estimate, it will be understood, is based on
the assumption that the sun’s density is uniform from centre to surface.
If, as is altogether probable, the density increases towards the centre, the
age of the sun may be considerably greater.

* ¢ On the only hypothesis science will now atlow ns to make respecting the
source of the solar heat, the earth was, twenty millions of years ago, enveloped
In the flery amosphere of the sun."—Prof. Simon Newcomb in the N. A. Review,
Jor July, 1876.

PROC. AMER. PHILOS. SOC, XvIil. 104, 2P. PRINTED Nov. 7, 1879.



Kirkwood, ] 3-‘() [Sept. 19,

3. The difficulty here presented is one of no small importance. If re-
moved, however, we are immediately met by another perhaps still more
formidable. Assuming the inerease of Neptune’s radius to have been uni-
form during the time required for the acecumulation of the ring around a
single nucleus, the daily superficial deposit would be less than one-sixticth
of an ineh j the density being equal to the present density of the planet.
This extremely slow transformation of the nebulous zones would develop
little hieat ; so that the planets would be nearly eold during the process of
their formation. Laplaee's theory, thercfore, obviously fails to account
for the origin of satellites.

4. It is easy to show that the period of a rotating nebula in the process
of condensation would vary as the square of the radius. If the solar neb-
ula, therefore, rotated onee in 164.6 years wheun it filled the orbit of Nep-
tune, its period when it had contracted to the orbit o Uranus vught to
have been 67 years; at the orbit ot Saturn, 16.7 years ; at that of Jupiter,
4.94 years, &ec., &e. This obvious inconsisteney with Ilepler’s third law*
has been noticed by astronomers, and recourse has been had to the addi-
tional supposition that the rate of variation of density from surface to cen-
tre was continually changing through all the eyeles of planctary forma-
tion.t Till this latter hypothesis—invented to sustain the hypothesis of
Laplacec—shall itself have been placed on a basis of facts, the super-
structure must be regarded as eminently unstable.

CONCLUSION.

It hias been sliown (1) that the hypothesis of Laplace gives no explana-
tion of tlie immensc intervals between the planetary orbits; (2) that, apart
from this objection, the periods required for the formation of plancts from
nebulous rings are greater than the probable age of the solar system ;
(3) that it fails to acconnt for the origin of satellites ; and (4) that it i3 np-
parently incompatible with a known physical law. The eonclusion seems
inevitable that this celebrated hypothesis must yet be abandoned, or that
its prineipal features must be essentially modified.

* Let », 1/, and ¢, ¢ represent the radil and periods of rotation of the solar
nebula nt two different epochs; then ¢: ¢ :: 22: 1’2, But by Kepler's third
lewy (:0lh:: ri: r'}.

t Sece the nble and interesting memoir on the Nebular IHypothesls by Prof.
David Trowbridge, in the Am. Journnl of Selence far Nov,, 1864,



